Background: The aim was to assess the morbidity and in-hospital mortality that occur in surgical patients with pre-existing dementia compared with those outcomes in non-dementia patients following emergent and nonemergent general surgical operations. Methods: A total of 120 patients with dementia were matched for sex and type of surgery with 120 patients who did not have dementia, taken from a cohort of 15,295 patients undergoing surgery, in order to assess differences in surgical risk with dementia. Patient information was examined, including sex, body mass index (BMI), prevalence of individual comorbidities at admission, and several other variables that may be associated with postoperative outcomes as potential confounders. Results: Patients with dementia tended to have a higher overall complication burden compared to those without. This was evidenced by a higher average number of complications per patient (3.30 vs 2.36) and a higher average score on the comprehensive complication index (48.61 vs 37.60), values that were statistically significant for a difference between the two groups. The overall in-hospital mortality in patients with dementia was 28.3% (34 deaths out of 120 patients). During the same period, at our hospital, the overall in-hospital mortality in the control group was 20% (24 deaths out of 120 patients). Patient groups with and without dementia each had 3 and 5 associated risk factors for morbidity and 9 and 12 risk factors for mortality, respectively. Conclusions: Patients with pre-existing dementia have a greater than average risk of early death after surgery, and their incidence of fatal complications is higher than that of surgical patients without dementia.
Background
Dementia represents a chronic global loss of cognitive or brain function and manifests as the loss of memory, executive function and attention [1, 2] . Although dementia can affect a person at any age, those at most risk are essentially older people. Worldwide, the population aged 80 and older is expected to increase from 126.5 million in 2015 to 446.6 million in 2050 [3] .This means that as older age groups increase in size, the global prevalence of dementia in the world population will substantially increase, with estimates suggesting 65.7 million by 2030 and a near doubling to 115.4 million by 2050 [2, 4] . Given these demographic changes, a rise in the potential number of surgical patients with dementia can also be expected. Thus, the demand for the care and treatment of the older patients with dementia and surgical problems is likely to grow in the next years.
Surgical procedures in patients with dementia carry a significant risk of complications and have a high mortality rate. In one recent study [5] , surgical mortality for the patient with dementia was 13% in 30 days, increasing with time to as high as 92% in two years, compared with a surgical mortality rate of less than 7% for those without dementia [6, 7] . As the mortality rates for many leading causes of death have declined over the past decade, these high mortality rates for dementia have not improved significantly and may increase further.
Moreover, with a projected survival of 3-12 years from diagnosis, these patients have a shorter life expectancy than those without dementia [8] [9] [10] . Accurate preoperative risk stratification can be difficult because pre-existing dementia that contributes to the early death of such patients is a non-modifiable factor. Thus, the treatment of choice for this group of patients is difficult to determine.
Previous studies dealing with surgical outcomes among patients with pre-existing dementia have concentrated mainly on traumatic patients [11] [12] [13] . There have been few studies in patient populations with general and vascular surgical conditions and dementia [5, 6, 14] , and their findings have not been consistent. There has not been a study, to our knowledge, that compared outcome after surgery among non-traumatic patients with a pre-existing diagnosis of dementia with outcomes among an equal number of operated patients who did not have dementia, matched for sex, type of surgery and with relatively similar patient characteristics and surgical variables. Understanding clinical conditions unique to older adults that affect surgical outcomes is important. Dementia for any reason is currently not part of any routinely performed pre-surgical assessment strategy in general surgery. As a result, little is known about the effects of pre-existing dementia on postoperative outcomes.
This study was done retrospectively. Data have been generated to identify patient-, disease-, and managementrelated factors that were associated with adverse outcomes in these patients. Its purpose was to evaluate surgical outcomes among non-traumatic patients with pre-existing dementia and to compare these outcomes with those of sex-and treatment-matched controls without dementia in an attempt to identify predictors of morbidity and early death.
Methods
Data from a database of the Department of Transplantation, Thoracic, Visceral and Vascular Surgery of the University of Leipzig were retrospectively analyzed for the years 2011 to 2017. This included review and analysis of data for all studied patients who had been prospectively entered in a data registry, which records patient and disease characteristics and outcomes. Based on the principal operative procedure, all elective or emergent operations were categorized as involving general surgery (GS) and vascular surgery (VS).
Only patients whose procedure warranted more than an overnight stay were selected. All patients with pre-existing dementia (n = 120) who underwent surgery between November 2011 and August 2017 at our center were included in this study. Dementia was defined as any outpatient physician visits or hospital admissions in which dementia was recorded as a diagnosis according to the International Statistical Classification of Diseases and Related Health Problems, tenth edition [ICD-10; F00, F01, F02, F03 or G30]. Patients with mental status changes or delirium in the context of their current illness were not included in this study.
In order to evaluate differences in surgical risk associated with dementia, the 120 patients with dementia were matched for sex and type of surgery with equal number of controls who did not have dementia taken from a cohort of 15,295 surgical patients (Fig. 1) . Patient Characteristics (Table 1 ) and surgical variables ( Table 2) that may be associated with postoperative outcomes as potential confounders were examined. In cases of multiple procedures on a patient during hospitalization, only the initial procedure was eligible for inclusion. The main outcome measures were morbidity and in-hospital mortality (End of follow-up was discharge from the hospital, and mortality was defined as hospital death). The severity of medical conditions at the time of surgery was evaluated using the American Society of Anesthesiologists (ASA) Physical Status classification [15] . The Clavien-Dindo classification (CDC) of surgical complications [16] was used to classify surgical complications. In addition, based on CDC at discharge, the comprehensive complication index (CCI) [17] was calculated for each patient in order to evaluate the true overall morbidity burden of a procedure.
Statistical analysis was performed using SPSS software version 24 for windows (IBM Corporation, USA). All statistical tests were 2-sided, and a P value ≤0.05 was considered statistically significant. Descriptive statistics assessed the distribution of patients, procedures, comorbidities, morbidity and mortality by group. Univariate statistical comparisons between groups were performed using Student's t-test for continuous variables and the chi-square test for discrete variables to examine the univariate relation between preoperative risk factors and outcome variables. Based on the sample size, those risk factors related to morbidity and mortality at a 0.05 significance level were then entered into a multivariate logistic regression analysis, with outcome variables as dependent variables and the risk factors as independent variables, to identify clinical features that were predictive of morbidity and mortality associated with patient groups. This study was approved by the institutional ethics committee review board of the medical faculty of the University of Leipzig in Leipzig, Germany.
Results
The current study reports the relationship between pre-existing dementia and postoperative outcomes. A total of 15,295 patients who had surgery in our hospital from November 2011 to August 2017 were identified. Among these, 240 patients were studied. Stratification by diagnosis yielded 120 patients with pre-existing dementia and a female predominance for undergoing elective and emergent operations in general and vascular surgery. These patients were matched for sex and type of surgery with 120 patients who did not have dementia with a relatively similar distribution of patient characteristics and surgical variables. Almost all variables that define preoperative patient characteristics and surgery were well balanced between the dementia and non-dementia groups. Only 4 of 57 variables (Tables 1 and 2 ) had a significant difference.
Of the 120 patients with dementia, 71 were female (59.5%). Patients with dementia were older on average (80.5 vs 74.1 years old).
Comorbid conditions that were advanced and stable were present in almost all patients with and without dementia. Their distribution was comparable across both patient groups with the exception of cardiac arrhythmia, chronic renal failure, and CNS disorders, which tended to be more frequent among patients with dementia. Otherwise, no significant dementia-related differences in patient characteristics were observed in the study population. Furthermore, as Table 2 shows, the distributions of the type of surgery, surgical indications, specific type of surgical procedures, surgical techniques, urgency, and mean operative time are relatively similar in both groups. A summary of surgical outcome data is depicted in Table 3 . As this table shows, the occurrence of postoperative complications evaluated using the CDC is not as different, as expected, in the patients with dementia compared to those without dementia and is relatively comparable across both patient groups. In addition, based on the CDC at discharge, the CCI was calculated retrospectively, taking into account all complications after a procedure and their respective severity, in an effort to quantitate and compare the true overall morbidity burden of a procedure. In contrast to the CDC, when we evaluate the true overall morbidity burden of a procedure n total number of patients, GS general surgery, VS vascular surgery, OT operative time; Numbers in bracket show values presented in n (%) unless noted otherwise using the CCI, individuals with dementia tended to have a significantly higher score compared with those without. This indicates a higher overall complication burden in this group. This was also evidenced by a higher average number of complications per patient, which was statistically significant for a difference between the two groups. Moreover, among specific complications, there was a statistically significant difference between patients with and without dementia when we considered the incidence of surgical site infection (SSI), postoperative delirium (PD) and pneumonia. The occurrence of these complications was significantly higher in patients with pre-existing dementia compared to those without. Furthermore, the presence of dementia was associated with an increased likelihood of being admitted to the ICU. In addition, individuals with dementia were more likely to die within the first 7 days of surgical treatment before leaving the ICU.
For patients with dementia, the overall in-hospital mortality rate was 28.3% (34 of 120). Of these 34 deaths, 23 (67.6%) were associated with emergency operations and 11 (32.6%) with elective operations. In-hospital mortality during the same period was 20% (24 of 120) in the non-dementia group. Of these 24 deaths, 17 (70.8%) were associated with emergency operations and 7 (29.2%) with elective operations. The emergency and elective mortality rates were 37.7 and 18.6% in patients with dementia and 29.8 and 11.1% in the group without dementia, respectively. Thus, the postoperative risk of mortality was more than twofold in patients undergoing emergency operations when compared with those undergoing elective operations.
Overall, morbidity and in-hospital mortality were higher in surgical patients with a pre-existing diagnosis of dementia than in the control group. The associations between risk factors, morbidity and in-hospital mortality calculated with the chi-square test for a linear trend by group are depicted in Tables 4 and 5 . We performed multivariate analysis with age, ASA classification, pre-existing cardiac arrhythmia, diabetes mellitus, emergent operations, pulmonary complications and surgical site infection as covariates. In this model, emergent operation, ASA class above 2 and pulmonary complications remained significantly associated with surgical outcome (Table 6 ).
Discussion
The evaluation of risk factors in predicting outcomes in patients with a diagnosis of pre-existing dementia undergoing a variety of general and vascular surgical procedures was the focus of the current study. The hypothesis was that dementia is a surgical factor distinct from sex, comorbidity, and type of surgery and correlates with morbidity and surgical mortality. To examine this assertion, patients with pre-existing dementia were compared with an equal number of patients without dementia matched for sex and type of surgery. Assuming that the determinants of surgical outcome are multifactorial, we analyzed a number of clinical variables. The main result of this study was that, regardless of the advances made in surgical technique and preoperative and postoperative care, outcomes among dementia patients requiring surgery were relatively poor. Compared to patients who did not have dementia, we observed an increased rate of complications and surgical mortality. Of the 120 consecutive surgical patients with pre-existing dementia treated over a 6-year period, 34 (28.3%) died within 90 days of surgery. Sepsis with multi-organ failure and decompensated cardiac global insufficiency were the most common causes of early death.
Previous studies reporting mortality from different data bases describe early mortality rates of 7-13% for surgical patients with pre-existing dementia [5] [6] [7] . The mortality rate in the current cohort was generally higher in comparison; however, it should be noted that 50.8% of our patients with dementia and 47.5% without were operated on in emergency sessions. Emergent operation has been recognized as a common determinant of in-hospital mortality [18] . This was also observed in the current study, in which almost 68% of early deaths in the dementia group and 71% in the non-dementia group were after emergent operations. This suggests advanced disease processes at the time of admission.
Among comorbid conditions, the presence of cardiac arrhythmia, chronic renal failure, and CNS disorders was significantly higher in patients with dementia than in those without. However, none of these clinical conditions predicted in-hospital mortality in this group of patients. In this respect, our study extends prior research showing no direct relationship between mortality and the presence of comorbid conditions [19] and indicates dementia by itself as a terminal illness and main determinant of early death.
Furthermore, dementia is an independent risk factor for the development of multiple postoperative complications, particularly postoperative delirium (PD), which is also a major risk factor for postoperative mortality [20] [21] [22] [23] [24] [25] . Recently, Mosk et al. [25] observed PD in 34.2% of dementia patients following hip fracture surgery. In agreement with this, the current study found a significantly increased incidence of PD in patients with pre-existing dementia in comparison with those without. The increased incidence of PD (33%) in patients Numbers in bracket show values presented in n (%) unless noted otherwise with pre-existing dementia is not surprising because in vulnerable patients, such as those with pre-existing dementia, even a seemingly minor insult such as minor surgery might be enough to precipitate delirium. Conversely, in younger patients without dementia, delirium may develop only after exposure to a series of noxious insults, such as general anesthesia, major surgery and a stay in the ICU [23] . In full agreement with this, in the current study, with only 3 out of 120 patients in the non-dementia group developing this complication, PD was an extremely rare occurrence in this group of patients. In addition, the occurrence of postoperative delirium correlated strongly with urgent operations, longer intensive care unit stays and longer overall hospital stays (data not shown), emphasizing the need for early diagnosis and aggressive therapy. This agrees with previous research that found an overall longer hospital stay in dementia patients with delirium [26] and an association with an up to fourfold increase in mortality following surgery [20-22, 24, 25, 27] . Hu et al. [14] found pneumonia to be one of the major complications that occurs frequently in surgical patients with pre-existing dementia compared with those patients without. This agrees with our result that showed a significantly higher incidence of postoperative pneumonia in dementia patients. The pneumonia rate among these patients was three times that among sex-and treatment-matched controls. The mortality rate after the development of pneumonia was substantially higher (41%) than the mortality rate for patients in whom such a complication had not developed after surgery. The inability of dementia patients to communicate reasonably and their related inability to participate fully in aggressive postoperative pulmonary exercises, toileting, and ambulation may explain the increased incidence of postoperative pneumonia. Interestingly, however, contrary to other studies that found COPD as a risk factor for pulmonary complications [28] , postoperative pneumonia did not correlate with the presence of COPD as a coexisting disease in the present study. However, due to the relatively low prevalence of COPD in the studied patients, this notion may not reflect accurately the influence of pre-existing COPD on the incidence of postoperative pneumonia.
Surgical site infection, acute renal failure requiring dialysis and lung failure requiring intubation are also common postoperative complications, and survival was poor after the onset of these complications. Thus, the combined higher incidence of these adverse postoperative events could lead to a comparably increased risk of early death. Overall, however, although these complications may be heralds of early death, it is the pre-existing condition, in this case, dementia, that is the major problem and underlying cause of death.
Taken as a whole, while treating surgical patients with pre-existing dementia, surgeons should be aware of the limited life expectancy, poor prognosis and the expected severe and multiple complications. With the exception of emergency situations, the indication of burdensome surgical interventions of questionable benefit should be assessed critically, unless this step is necessary to reduce physical suffering. If available, a conservative treatment approach is a more viable option in this difficult to treat patient population.
Several limitations of this study deserve comment. First, we did not have detailed information on the severity of dementia. Thus, it is possible that some individuals with mild cognitive impairment may not have been identified. Accordingly, the presented results may not represent the outcomes of patients with mild dementia that has not yet been clinically recognized by a physician.
Second, specific surgical procedures in this study are heterogeneous. Included procedures that ranged from adhesiolysis to multi-visceral resection do not provide a uniform baseline surgical stress, which leads to variability in measurements such as operative time, requirement of a postoperative ICU stay and length of hospital stay. However, relatively similar types and numbers of operations were performed in patients with and without dementia.
Third, this study is limited in its ability to draw strong conclusions regarding the outcomes of surgery among patients with coexisting dementia compared to patients without. The descriptive analysis employed suggests differences among the groups for some patient and surgical variables including age.
Finally, we were limited also by the retrospective nature of our study and the short-term follow-up of our patient cohort.
Overall, however, the outcome of an institution-based cohort of patients with and without dementia diagnosed with general and vascular conditions that required surgery was described. We feel that our review of outcomes for 120 operated patients with a pre-existing diagnosis of dementia compared with the results of an equal number of sex-and treatment-matched controls with several well-balanced clinical variables accurately reflects surgical outcomes among this patient population.
Conclusions
Patients with pre-existing dementia have a greater than average risk of early death after surgery, and their incidence of fatal complications is higher than that of surgical patients without dementia. The predominant causes of in-hospital mortality after surgery are infectious and cardiac in nature. Patients at greatest risk of early death are those with a higher ASA class, who undergo emergent operations and develop postoperative pulmonary complications. Despite the inferior surgical outcomes and limited life expectancy, the lack of effective alternative therapy may justify a surgical approach for a surgical diagnosis in these difficult-to-treat patients. Further research is needed to develop strategies to optimize the surgical management of patients with dementia in order to address the challenges they present. 
